INTRODUCTION. Synthetic model helical peptides, Acetyl-W(EAAAR)
A-amide with 13 C=O specifically labeled alanine segments in repeats n = 1,2 or 4,5 were studied in aqueous D 2 O solution as a function of temperature using Fourier transform infrared spectroscopy and twodimensional correlation analysis. The 13 C=O provided a probe which was sensitive to the carbonyl stretch in the peptide bonds of the alanine residues at the amino terminal end in one peptide as compared to the probe in the carboxy terminal end of the other peptide during thermal perturbation. The relative stability of each terminal end was examined; the more stable terminal was determined to be the amino terminal end. The 27-residue peptide was also simulated using parallel-tempering Monte Carlo simulations in the canonical ensemble. The peptide was modeled using the spring-bead interparticle potential coupled to a modified Lennard-Jones (L-J) potential that described the nonbonded interactions. The hydrogen bonding and salt bridge interactions were modeled by adjusting the attractive and repulsive parts of the L-J potential. Conformational changes were characterized by increments in the constant volume heat capacity, internal energy, and the radius of gyration of the peptide.
METHOD.
FT-IR experiments involved the use of fully H→D exchanged peptide redissolved in 1 mM phosphate buffer, 10 mM NaCl in 99.9% D, D 2 O at pD = 6.6. CaF 2 cells and a dualchamber, custom-milled cell holder connected to a Neslab circulating bath for temperature variation were used with an FTS-40 Bio-Rad (Cambridge, MA) equipped with custom shuttle and interface. Typically, 512 scans were coadded, apodized with a triangular function, and Fourier transformed to provide a resolution of 4 cm -1 , with data encoded every 2 cm -1 . Sixteen spectra were collected at sequential increments of temperature, allowing for thermal equilibrium. The spectra (in the spectral region of interest 1520-1750 cm -1 and 1300-1400 cm -1 ) were then analyzed using two-dimensional FT-IR correlation and curve-fitting. Two-dimensional FT-IR correlation analysis was performed using MathCad 2000 Professional (MathSoft, Inc., Cambridge, MA) software. The curve-fitting routines were done using Grams 3.01 (Galactic Industries Corp., Salem, NH) program. Origin 6 program was used to plot curvefitted data.
Simulations were carried out using an SGI Origin 200.
RESULTS.
Structural and dynamic changes were investigated using FT-IR Isotope edited spectroscopy, two-dimensional correlation analysis (see Fig. 1 ) and molecular simulations. The arginine-glutamate salt bridge provides additional stability to the helical structure of this model peptide rendering it as a solid cylinder.
The molecular simulations results agree very well with the experimental data obtained in that two conformational changes were observed. The first one occurs at low temperatures and corresponds to the unwinding of the amino terminal end and the second transition is associated to the unwinding of the carboxyl terminal end. A third transition is observed in the simulation at high temperature, which is associated to the random coil structure of the peptide. DISCUSSION. The α-helix as a structural motif is very common among proteins, by studying this model helical peptide one can gain insight in the stability of the α-helix and thus carry this information over to proteins with secondary structure motifs comprised of helices. The carboxy terminal end of the helix is less stable than the amino terminal end due to the additive effect of the carbonyl dipoles in the structure. Furthermore, The phase information obtained suggests that the salt bridge between the glutamates (1567 cm -1 ) and the arginines (1606 and 1596 cm -1 ) break prior to the helix unwinding (1599 cm -1 , 13 C labeled α-helix band) to generate the denatured peptide. In addition, the glutamate cross peak was correlated to the auto peaks of the unlabeled α-helix and random coil, suggesting a strong interaction and thus defining the cooperativity during thermal denaturation process, i.e., one event must occur prior to the other in the order described above with a strong interaction between these vibrational modes.
